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On November 10, 2018 at 00:46, with the reactor operating at 100% power, Turbine Control Valve number 3 (CV3)
unexpectedly closed. Turbine Control Valve number 4 (CV4) did not respond as designed and the reactor automatically
scrammed on a reactor vessel high pressure signal. Following the scram, all major systems responded as designed. The CV3
closure was due to failure of the valve's push rod spring housing coupling bolts. The CV4 failure to correctly respond to the
CV3 closure transient was due to incorrect operating procedure guidance. This event was of minimal significance to the health
and safety of the public.
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BACKGROUND

Steam is delivered to the High Pressure (HP) turbine (**TRB**) through the Main Stop Valves (MSVs) (**SHV**) and the
[Turbine Control Valves (CVs) (**SCV**). There are four MSVs that shut off steam to the turbine under trip conditions. The
ffour CVs are used to control the load on the turbine. The exhaust from the HP turbine is sent to the Moisture
Separator/Reheaters (MSRs) (**MSR**) to improve the quality of the steam prior to being delivered to the Low Pressure
(LP) turbines. Steam leaving the MSRs flows into the LP turbines through the four Combined Intermediate Valves (CIVs).
Each CIV is made up of two valves, an Intermediate Stop Valve (ISV) and an Intercept Valve (IV).

The Electro-Hydraulic Control (EHC) [JI] System controls the position of large steam valves by means of electrical signals
that change the hydraulic fluid flows of the positioning components of the valves. The EHC System is controlled by inputs
from Ovation software using a valve positioner module. The modulating valves controlled by the EHC System are MSV2,
IV1, IV2 and the four CVs,

'The EHC load limit function bounds the steady state open position of the CVs to limit the flow of steam to the turbine.
Operators manually enter the desired load limit value from an EHC system graphic display interface.

During normal plant operation at 100% power, three CVs are full open and one is approximately 30% open. If one of the full
open CVs should unexpectedly close, the Turbine Bypass Valves and partially closed CV will open to control reactor vessel
pressure.

The CV operating mechanism utilizes a spring assembly which acts directly on the valve stem to hold the valve closed. The
valve is then mechanically opened by a hydraulic cylinder which lifts the end of a lever with a push rod. Spring force
opposes the hydraulic force on the push rod. The springs are compressed as the hydraulic pressure pushes the push rod
up to open the valve, thus increasing the compressive force exerted by the springs.

The push rod spring housing coupling joint consists of two rigid members held together by 20 bolts. One of the rigid
members in the push rod spring housing coupling is the switch arm.

REPORTED CONDITION

On November 10, 2018, the reactor was operating at 100% power with CV1, CV2, and CV3 full open and CV4 27% open.
At 00:46 CV3 unexpectedly closed. Both Main Turbine Bypass Valves fully opened as designed. CV4 did not open as
designed which resulted in an automatic reactor scram on high reactor vessel pressure. There were no maintenance
activities being performed on the EHC System or CVs prior to or during the event.

PREVIOUS OCCURRENCE EVALUATION

On April 23, 2012, CV3 unexpectedly closed. The other three CVs and Turbine Bypass Valves responded as designed.
Operators stabilized the plant and a planned outage was later executed to repair CV3. The cause of the CV closure was
determined to be failure of the push rod spring housing coupling bolts. One of the root cause evaluation failure analysis
recommendations was to ensure that the bearing surface is flat with a slope of less than 1:20 as recommended by the
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Research Council on Structural Connections. There is no documentation that this recommendation was ever satisfied.
CAUSAL ANALYSIS
Turbine Control Valve Number Three Unexpected Closure

The unexpected closure of CV3 on November 10, 2018 was determined to be due to failure of all 20 of the push rod spring
housing coupling bolts.

The Research Council on Structural Connections recommends the bearing surface of the CV3 push rod spring housing joint
to be flat with a slope of less than 1:20. There was no record found of the push rod spring housing joint flatness at the time
of assembly in 2012. During the Digital EHC upgrade in March 2017, the switch arm, which is part of the push rod spring
housing joint bearing surface, was found to be bent. The 2017 evaluation of this condition assumed that the joint bearing
surface was not affected by the bent switch arm and the CV3 repair was scheduled for a planned outage in March of 2019.
Preliminary measurements of the CV3 switch arm after the November 2018 event indicated that the bearing surface was
over 0.0625 inches out of flat at some of the bolt locations and therefore did not meet the Research Council on Structural
Connections recommendation. The out of flat condition on the joint bearing surface amplified the stress on the push rod
spring housing coupling bolts causing them to fail.

The cause of the bent switch arm is not readily apparent. There are no physical interferences that could cause the
deformation that was identified on the switch arm.

Transient Response of Turbine Control Valve Number Four

The failure of CV4 to respond to the CV3 closure transient as designed was determined to be due to incorrect procedural
guidance.

A review of Ovation parameter settings discovered that the CV4 load limit was set at 100%, rather than the correct value of
103%. The operating procedure used to enter the load limit value called for a load limit value of 100% instead of the correct
value of 103%. This error was traced back to procedure revisions performed as part of the Ovation Digital EHC upgrade in
March of 2017.

With the load limit incorrectly set, CV4 stroke was limited to between 44% and 70% open. With aload limit set at 103%
CV4 would be able to stroke to the full open position during a single CV closure.

CORRECTIVE ACTION TO PREVENT RECURRENCE
The following actions have been completed to prevent recurrence.
-Inspect all CV bolting for loose or broken switch arm bolts.

-Review Ovation data for all CVs and CIVs to confirm hydraulic functionality.
~Inspect all other CV switch arms for flatness and broken switch arm bolts.
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-Review Ovation data for all CVs and CIVs for symptoms of a bent switch arm or broken bolts.
-Review Digital EHC procedures that change load limit for correct values.
-Update operating procedures to include the correct load limit values.

The following actions have been assigned to prevent a recurrence of this event and are documented in the station
corrective action program.

-Visual inspection of CIV bolting shall be perfarmed during the next refueling outage to confirm no bolts are broken.

-Visual inspection of CIV switch arm shall be performed during next refueling outage to confirm no deformation.

-Develop a preventive maintenance strategy for CV and CIV switch arm and bolting inspections. Inspections should include
balt tightness verifications and ensure that the bearing surface is flat with a slope of less than 1:20.

-Review all Digital EHC procedures and verify that all manually entered Ovation parameters are correct and consistent with
their basis.

-Develop a preventive maintenance strategy for Ovation parameter verification as part of the startup procedure.

SAFETY SIGNIFICANCE

The unexpected closure of CV3 and subsequent reactor scram are bounded by transient analysis contained in the Updated
Safety Analysis Report. Following the reactor scram, all major systems perfaormed as designed. No safety injection
systems were actuated either manually or automatically as a result of the event. Therefore this event is considered to be of
minimal significance to the health and safety of the public.

(NOTE: Energy Industry Identification System component function identifier and system name of each component or
system referred to in the LER are annotated as (**XX**) and [XX], respectively.)
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